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1.  For the MOS differential pair with a common

VDD=Vss=1V, kn’=0.4mA/V
2
, (W/L)1,2=12.5, 

modulation).  Assume that the current source 

properly. (worth 2 problems) 

(a)  Find VGS for each transistor. 

(b)  For VCM=0 find VS, ID1, ID2, VD1, and 

(c)  Repeat (b) for VCM=0.3V. 

(d)  Repeat (b) for  VCM=-0.1V. 

(e)  What is the highest permitted value of V

Q1 and Q2 remain in saturation? 

(f)  If the current source requires a minimum of 0.2V 

it to operate correctly, what is the lowest value 

Vs and hence for VCM? 
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For the MOS differential pair with a common-mode voltage VCM applied, as shown below, let 

=12.5, Vt=0.5V, I=0.2mA, and RD=10kΩ (neglect channel

modulation).  Assume that the current source I  requires a minimum voltage of 0.4V to operate 

, and VD2. 

(e)  What is the highest permitted value of VCM for which 

res a minimum of 0.2V across  

hat is the lowest value  allowed for 

    

 1 

applied, as shown below, let 

(neglect channel-length 

requires a minimum voltage of 0.4V to operate 
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2.  For the differential amplifier of Problem 1, let VG2=0 and VG2= Vid.  Find the value of Vid that 

corresponds to each of the following situations: 

(a) iD1=iD2=0.1mA; (b) iD1=0.15mA and iD2=0.05mA; (c) iD1=.2mA and iD2=0(Q2 just cuts off); (d) iD1=0.05mA 

and iD2=0.15mA; (e) iD1=0 (Q1 just cuts off) and iD2=0.2mA.  For each case, find vs, vD1, vD2, and (vD2-vD1). 
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3.  Consider the differential amplifier specified in Problem 1 with G2 grounded and VG1= Vid.  Let  Vid be 

adjusted to the value that causes iD1=0.11mA and iD2=0.09mA.  Find the corresponding values of VGS2, VS, 

VGS1, and hence Vid.  What is the difference output voltage (VD2-VD1)?  What is the voltage gain              

(VD2-VD1)/Vid?  What value of Vid results in iD1=0.09mA and iD2=0.11mA?  
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4.  Design the circuit shown below to obtain a dc voltage of +2V a

VG1=VG2=0V.  Operate all transistors at V

circuit is fabricated, Vtn=0.5V and kn

values of R, RD, and the W/L ratios of Q1, Q2, Q3, and Q4.

your design?  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.  Design a MOS differential amplifier to operate from 

2mW in the equilibrium state.  The 

mode dc voltage is to be 0.5V.  (Note:  This is the dc voltage at the drains).

neglect the Early effect.  Specify the required values of 
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.  Design the circuit shown below to obtain a dc voltage of +2V at each of the drains of Q1 and 

ll transistors at Vov=0.2V and assume that for the process technology in which th

n’=250µA/V
2
.  Neglect channel-length modulation.  Determine the 

, and the W/L ratios of Q1, Q2, Q3, and Q4.  What is the input common-mode ra

 

Design a MOS differential amplifier to operate from ±1V power supplies and dissipate no more than 

The differential voltage gain Ad is to be 5 V/V and the ou

(Note:  This is the dc voltage at the drains).   Assume kn’=400

Specify the required values of I, RD, and W/L. 

  

 4 

t each of the drains of Q1 and Q2 when 

=0.2V and assume that for the process technology in which the 

length modulation.  Determine the 

mode range for 

1V power supplies and dissipate no more than 

output common-

’=400µA/V
2 

and 
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6.  An NMOS differential amplifier is operated at a bias current I of 0.4mA and has a W/L ratio of 32,  

kn’=µnCox=200µA/V
2
, VA=10V, and RD=5kΩ.  Find Vov=(VGS-Vt), gm, ro, and Ad. 

 

  7.  An active-loaded NMOS differential amplifier operates with a bias current I of 100µA.  The NMOS 

transistors are operated at Vov=0.2V and the PMOS dives at |Vov|=0.3V.  The Early voltages are 20V for 

the NMOS and 12V for the PMOS transistors.  Find Gm, Ro(output R), and Ad.  For what value of load 

resistance is the gain reduced by a factor of 2? 

  

 


